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Truth And Consequences’ 


PAUL B. SEARS 


Department of Botany, Oberlin College, Oberlin, Ohio 


As students of the scieuce of life we 
have a double ministry to mankind. 
Through the application of our knowl- 
edge in medicine, in agriculture and re- 
ated arts, we serve mankind's powerful 
But this does not com- 
We have also to 


contribute to the quality of human exis- 


urge to survive. 


plete our oblization. 


tence, to the kind of life that mankind 
In saving this, | am well aware of the 
fact that scientific discoveries come be- 
cause men have the personal urge to in- 
vestigate nature, come Hell or high 
water. In theory, at least, morality, 
compassion, and the desire to serve play 
no part in the business. In that respect 
the impulse to do research is on a par 
with the impulse to create music or to 
collect carved elephants. Once on the 
trail of a problem, the scientist must 

and here there is no choice—sternly ex- 
clude all feelings as to the kind of answer 
he may want to get. Otherwise he will 


Banquet Address, NATIONAL ASSOCIATION 
‘ BioLoGyY TEACHERS, Boston, Massachusetts, 


December 28, 1946, 


pervert the truth and frustrate his own 
vame, 

In applying these principles all that 
seems necessary is to find enough men 
who have the scientific impulse, provide 
them with the training, the time, and the 
money they need, then sit back and wait 
for results. You recall Huxlev’s exam- 
ple of the working of the theory of proba- 
bilities. Given enough monkeys, enough 
time, and enough typewriters, eventu- 
ally every book in the British Museum 
would be reproduced, through the opera- 
tion of the laws of chance. The odds, of 
course, are somewhat steeper against the 
monkeys than against the unfettered sei- 

The great American game of poker is, 
as you know, an application of the prin- 
ciples of probability. Devotees of the 
vame sometimes weary of the routine 
Trading 
certainty for excitement, they will call 


working of these principles. 
deuces wild. In the proposition | have 
just outlined to vou there is a wild deuce 
neatly concealed. There are, in fact, two 
of them. 


| 
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The first one has to do with the urge 
which impels men to engage in scientific 
study. In thirty vears of close contact 
with scientists, some of them truly great, 
it has been difficult to find any whose 
driving urge was not a rather complex 
one. Plenty of them work passionately 
at their quest. For some this has been 
a cold passion which easily passes as a 
consuming hunger for truth. Yet sooner 
or later most of these chilly apostles re- 
veal themselves as men of ruthless ambi- 
tion, for whom the pursuit of science is 
a road to power and prestige. They use 
it as other men might use business or 
politics. Often their work is good be- 
cause, however they may feel about honor 
in personal rleationships, they know the 
price that must be paid for honors in 
the world of science. 

Others 


warmer. 


there are whose passion is 
These will tell vou that, for 
them, their scientific work is simply more 
fun than anything else they can find to 
do. J love such men. They are the back- 
bone of their profession, and close to 
being its glory. Most of us, 
fall short of this extreme, and happily 


short of the other. 


I suppose, 


Whatever our personal qualities and 
limitations none of us can divest himself 
of membership in the human race, nor of 
the obligations that come with it. 

From the view of society, science is 
not supported to indulge the ambitious 
or to entertain the amateur, even in the 
best sense of that word. It is supported 
because mankind sorely needs science, 
and this brings me to the second wild 
deuce. So urgent are our needs that we 
cannot afford to employ the monkey- 
time-typewriter formula to meet them, 
no matter how literate and industrious 
the monkeys may be. Given the urge to 
do scientific work, it makes all the differ- 
ence fo the world at any particular time 
what questions the scientist attempts to 


This is true, not only because 


answer. 
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the practical problems of life change 
shape with each passing vear, but be- 
cause the limits of knowledge do so too. 
What George Gray has called the Ad- 
vancing Front of Science is a battle-line. 
As any battle-line, it has its bulges which 
be pinched off, and its salients 
More than 


this, it must have a conscious direction 


must 
which must be reenforced. 


of drift—not a mere fighting against 
something, but a movement towards 
something, 

Science, then, is far more than diligent 
and impersonal activity. It is a method 
of strategy, and a system of tactics. The 
form which its activities take at any par- 
ticular juneture in human history is a 
matter of the most serious general con 
cern. It is, in other words, the business 
of society. By this, be certain that I do 
not mean it must be perverted to serve 
There 


can be no askine of verdicts in advance, 


any particular concept of society. 


but there can be insistence on more 
knowledge in given directions. In ask- 
ing this we are sustained by a faith 


which I can only call religious—the faith 
that whatever is discovered must extend, 
rather than restrict, our concept of the 
reign of law. 

As teachers of science we are in a 
singularly delicate and responsible posi- 
tion. We must expound and interpret 
the findings of science to the future pub- 
lic, and that is what we mostly do. To 
do it well, we must acquaint our students 
with the experience of doing scientific 
work. But we must also make clear the 
place of science in human society, and 
the obligations which exist mutually be 
tween the scientist and his society. 

The Southern States are now, after a 
lapse of eighty vears, embarked upon a 


venuine program of Reconstruction, 
Southern leaders have come to realize 
that the economic basis for this pro 
vrai rests squarely upon an integration 


of human activity with the patterns of 
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This 


course, the wise care and use of those 


natural resources. involves, of 


resources. Such wise care and use is a 
matter of the way in which people be- 
have—ultimately a problem in training 
Here we come to a trail 
of several forks, all of which must be 


and education. 
explored. One of them, however, leads 
to the science classrooms of the common 
schools, and from there directly to the 
teaching laboratories of the colleges and 
universities where science teachers are 


vet 


trained, and where many laymen ¢ 
their last formal glimpse of science. In 
the judgment of an important group of 
southern leaders the happenings in col- 
lege teaching laboratories are vital to 
the future of the South. 

Time was when these classrooms were 
scrutinized lest they destroy faith—a 
noble faith whose substance had been all 
but forgotten and whose poetic expres- 
sion had been perverted into a feeble, 
literalized form. Now wiser and more 
humane counsel calls upon the colleges to 
create faith. This faith-to-be is in the 
universal reign of law which plays no 
favorites and whose violations exact un- 
failing penalties of the organism, Man, 
one by one, two by two, or million by 
million. 

The situation in the southern states is 
more arresting than that in the North, 
but not essentially different. In each 
science there is an honest attempt to 
teach the techniques and the frame-work 
But each field is 
sealed pretty tight within itself, both as 


of theory that apply. 


to theory and practice. One selects chem- 
istry as he might decide to learn chess, 
another botany as though it were bil- 
liards, and with as little sense of any 
common element, before or after taking. 
The place of science in human experi- 
ence, or its relation to responsible human 
conduct, remains largely unexplored. 
Many of us who are teaching have 
learned for ourselves to tear down the 
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fences and move back and forth with a 
It can be done, but 
will happen faster with the reformation 
of college teaching. I suggest that this 
is public business, in need of sympathetic 


measure of freedom. 


and intelligent pressure from all who 
sense its importance. 

As biology teachers at various levels 
in the educational framework we are in 
a favored position. We should, from our 
center, range back into the physical sei- 
ences and beyond into the social. But in 
doing so, we must not lose our bearings. 
Perhaps it will help if we examine those 
bearings briefly at this time. 

Laying aside polite courses in botany 
and natural history, which I do not mean 
to discount thereby, biology was first 
taught in this country for its service to 
medicine. Asa Gray and Louis Agassiz 
were Doctors of Medicine. This was no 
accident. Straight were the ways and 
narrow the gates into botany and zool- 
ogy. The sheer scholarship and _ intel- 
lectual stature of these men and others 
like them forced the citadel of classical 
studies. Then the high-explosive missile 
of Evolution was lobbed right into the 
middle of everything, resulting in the 
vreatest shake-up of the human mind 
since the days of Newton. From this 
cataclysm biology emerged as something 
much more impressive than a medicine- 
kit and a hobby. It had achieved intel- 


lectual respectability, a precious but 
perilous gift, as any Professor of Greek 
will tell vou. 

Following the Civil War there was a 
rapid development of interest in scien- 
tific agriculture and forestry, both of 
demands for the 


which made direct 


teaching of biology. There was likewise 
an improvement in the standards of 
medical education and research, culmi- 
nation in the house-cleaning of medical 
after 1910. With 
national wealth and leisure, the com- 


schools increasing 


\ 

= 
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pulsory school population was vastly 
widened. 

The response to these changes by 
those who taught biology is of interest. 
Classification of insects, fungi, and 
flowering plants, the anatomy of mam- 
mals, and a little simple physiology met 
the most urgent practical needs of pro- 
fessional training. The Doctrine of Evo- 
lution furnished rationale for the 
teaching of these topics. It was more- 
over an exciting theme because of its 
disturbing effect upon conventional reli- 
gious thought. To the degree that was 
possible, the tvpical college course in 
botany or zoology became a marshalling 
of the evidence in favor of evolution, In 
a watered form, this pattern of biological 
teaching trickled down into the high 
schools. Classification, except for pro- 
fessional purposes, began to seem a bit 
old-fashioned and the emphasis shifted 
to structure 

In general, college textbooks were at 
least twenty vears behind the state of 
knowledge, and high-school texts lagged 
still further. The changing needs of 
society moved faster than any of these. 
The latter half of the nineteenth century 
was a period of the most intensive bio- 
logical exploitation that the world had 
ever seen. The bison and wild pigeon 
were practically exterminated within the 
decade of the 70's. Forests were cleared 
and prairies put to the plow. The re 
serve of free lands was opened up to 
settlement. In practically every instance 
these changes were made either without 
scientific counsel, or in open disregard 
of it. Something much more sweeping 
than a formal demonstration of evolution 
was needed to interpret and guide the 
enormous evolutionary forces which man 
himself was releasing. 

The dumb common sense of the aver- 
age man measured the situation better, 


[ think, than some of us who were closer 
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to it. One of my revered teachers, the 
late Dr. Charles E. Bessey, took the first 
colleve across the Mississippi 
into Nebraska in the early 80's. His 
services to that great agricultural state 
were incalculable. Through his adapta- 
tions of German scholarship he pushed 
the teaching of plant biology far ahead. 
Through his influence upon the publie, 
and upon thousands of voung people, the 
teaching of botany became almost a must 
in the high schools of Nebraska. 

The teachers in these high schools 
learned their botany in his general 
course, But this course, thorough and 
splendid as it was, was essentially an 
evolutionary review of the plant king 
dom. Methodically it worked from the 
lowest to the highest forms, with the 
constant ald of razor and microscope, 
Many of the forms surveved were un 
familiar, obscure, and not easy to collect 
And so 


the good doctor established a supply 


in the average Nebraska town. 


center from which high schools could be 
provided with everything from blue 
vreen algae to pickled flowers 

Yet in the end the schools of this state, 
which derives its wealth from the vege 
table kingdom, either threw out botany 
or modified it profoundly. The point of 
view which might have saved the situ 
ation was actually being developed in 
Dr. Bessev’s department, but it was a 
privilege reserved for the future special 
ist who took advanced courses. The aver 
ave future teacher never got a crack at 
it. L refer to ecology, a subject in which 
Nebraska has been a pioneer, but which, 
until after the death of its great sponsor, 
Was not assimilated into the general 

It has been important, of course, to 
convinee the general public that the doc 
trine of evolution rests upon respectable 
evidence. But the whole point of the 


doctrine is that environment and livine 
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organisms are inseparably involved with 
each other. Whatever affects the one 
affects the other through the operation 
of principles which are basic to all sei- 
ence, physical, biological, or social. Here 
is the great unifying theme of biological 
study, at once the convenient thread of 
its discourse and the source of knowledge 
which every human being can apply in 
his living, 

All teaching is a process of selection 
and emphasis. The teacher who tries to 
pass on everything he knows will end by 
passing out, to say nothing of what will 
happen to his pupils. Meanwhile the 
need for useful knowledge grows. — It 
probably takes a wider range of techni- 
cal knowledge to run a modern farm well 
than to practice medicine. It takes a 
respectable amount of such knowledge 
to be an intelligent citizen. This is a 
large order, and the only answer lies in 
a rigorous economy of effort for all con- 
cerned. First things must come first. 
The best we can do is to provide a frame- 
work, soundly planned, and trust our 
students to complete the structure. 

ln my own courses I have found it 
practicable to begin by building the con- 
cept of life as a manifestation of energy 
and materials, subject to the great prin- 
ciple of equilibrium. For this purpose 
one should be familiar with the meaning 
and corollaries of the First and Second 
Laws of Thermodynamics. The First 
Law formulates the conservation of en- 
ergy. The Second may be approximated 
by stating that all systems tend to work 
toward a condition of minimum internal 
and external stress. As the course pro- 
eresses we come to see that this applies 
hot only to environment and individual 
organism, but to living communities as 
well. Very early, too, we examine the 
phenomenon of human culture, of which 


sclence is a highly specialized expression. 


Thus we learn how dependent science is 
upon the human senses, upon language 
and communication, and upon the values 
which prevail in a society. From the 
beginning we make clear that man is a 
biological organism, inseparably a part 
of the continuous flow of energy in which 
plant life is involved. As a botanist, I 
consider it very much my business to 
show that civilization had to wait until 
men learned to cultivate plants and will 
continue only so long as the landscape 
maintains a favorable energy budget. 

With such matters reasonably under- 
stood, we have a framework within which 
everything drops into its place. We do 
not neglect structure, function, or the 
evolutionary sequence of plant life. I 
think we include rather more of plant 
classification than is fashionable. But 
we try never to view any material as 
something static. In the background is 
always the idea of process and the inter- 
play of forces and forms. Lest you think 
this sounds too much like vague general- 
izing, | may say that we get back very 
little wind in our examination papers. 
They are mostly concrete and closely 
reasoned, tied tightly to the laboratory 
evidence, 

| began with the statement that the 
biologist ministers to mankind. No 
ministry is sufficient if it is content to 
pass along knowledge. It must touch 
the motives of men as well. It must 
obtain emotional sanction which will put 
the knowledge to work. Our ideal is to 
develop in every student a sense of re- 
sponsible conduct in a world which oper- 
ates by law. Our first obligation is to 
the great majority of our students who 
do not go ahead with science as a profes- 
sion. But we have vet to find that this 
emphasis is anything but good for those 
who later follow biological science as a 


vocation, 


| 
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The Teaching of Ecology’ 


From the Nature Study Viewpoint 


RICHARD LEE WEAVER 


Secretary, The American Nature Study Society, 


Nature Study like conservation and 
ecology has meant many things to many 
When | 


the nature study viewpoint today, I sus- 


people. attempt to represent 
pect that I’ll be voicing some of the same 
sentiments as those held by Agassiz when 
he was laying the groundwork for the 
study and appreciation of our environ- 
ment. We have had many staunch sup- 


porters of his philosophy of *‘study 
nature, not books’’ among our leaders in 
the Nature Study field, including our 
first and most honored President, Liberty 
Hyde Bailey, who helepd to organize 
THE AMERICAN NATURE Stupy SOcieTy 
in 1908. 

Nature Study, as it found its way into 
our school systems and texts, did not 
‘study nature, not 


always advocate 


books.’’ In fact, the mere closeting of 
nature in the classroom and text inevi- 
tably led to practices and subject matter 
which many of us today would not ac- 
cept as nature study. Even some of 
Agassiz’s methods might be cited as not 
as representative from a nature study 
point of view as they should have been; 
for example, he sent one of his students 
back to reexamine a dead fish time and 
time again to learn the answers for him- 
self. Tl 1S 
though of an indoor variety. But we 


developed observat ion al- 


must remember that in those days anat- 
omy, taxonomy, and distribution were 


topmost in importance and collecting, 


* Presented December 28, 1946, Meeting of 
the NATIONAL ASSOCIATION OF BIoLoGy TEACH 


ERS, Boston, Massachusetts, part of symposium 


on Teaching of Ecology. 


Chapel Hill, North Carolina 


preservation, and dissection of specimens 
were the order of the day. 

Many disciples of Agassiz were im- 
pressed with his wide range of interests, 
intense curiosity and emphasis on first- 
The forefathers of the 


1875 


hand observation. 
Agassiz Association chose him in 
as their example when they decided to 
school child the 
butterfly 


try to bring to every 
wonderful phenomena of a 
emerging from its chrysalid. So many 
of nature’s secrets are of this kind, where 
a description, picture, model, or even a 
movie of the activity cannot substitute 
for the real thing. Here the individual 
sees this thing happen with his own eves 
so that he doesn’t have to take any other 
person's word for it. He knows it is true 
because ‘‘he saw it happen.”’ 

Although nature study as such did not 
come to this country until the latter half 
of the 19th Century, 
on the excellent contributions of 


it was predicated 
such 
outstanding American Naturalists as the 
two Bartrams, Benjamin Franklin, Au- 
dubon, Wilson, Thomas Say, Thoreau, 
Timothy Conrad, and a host of others. 
began to worry about 
Muir 
about the vanishing wild places, John 
Thompson Seton, 
Hyde Bailey, David 


Starr Jordan, and the Comstocks began 


As Hornaday 
the vanishing wildlife and John 
Burroughs, Ernest 
Asa Gray, Liberty 


their numerous efforts to interest the lay- 


man and the student in the study of 


nature. 
At the turn of the Century, such out- 


standing disciples of nature study as 


Harris. Jackman, Straight, Branner, 


| 

| 

| 

| 
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Hodge, Brounell, Schmucker, Spencer, 
Rovers, Needham, Bigelow, Caldwell, and 
Chapman, were writing courses of study 
and preparing nature study materials. 
Teachers and leaders were being trained. 
Nature study meant what the name im- 
plied to these pioneers—a genuine inter- 
est in and the study of nature in the 
wild. 

As Bailey published The Nature Study 
Idea in 1903, and assisted with the 
organization of THE AMERICAN NATURE 
STrupy Soctiery in 1908, Cornell began 
the publication of Nature Leaflets, and 
M. A. Bigelow began pubiishing the 
Nature Study Review in 1905, which 
became our official publication and _ re- 
mained so until 1923. 

Anna Botsford Comstock, William G. 
Vinal, E. Laurence Palmer, Otis Cald- 
well, George R. Green, Edith Patch, 
Arthur Newton Pack, and many others 
have shouldered the burden of keeping 
The American Nature Study Society 
active and instrumental in pioneering 
such things as the camping movement, 
school gardens, nature trails and mu- 
seums, conservation education, and out- 
door nature camps, centers, laboratories, 
and conservation workshops. 

Anyone at all familiar with these fine 
naturalists and nature leaders knows 
that nature study and ecology—the focal 
point of today’s discussion—are pretty 
much one and the same thing. In each 
field there is a special ecological ap- 
proach, alone with other econventional 
approaches, so too in nature study, we 
have a variety of avenues, and no two of 
us would travel them in the same manner. 

Those who have not progressed beyond 
the distant days of dissection and classi- 
fication are finding the competition 
rather stiff today. Trying to keep nature 
in the classroom and between the covers 
of books only to be brought out for 
memorization of dry facts and examina- 


tions finds the interest of pupils low and 
gets little sympathy from those of us 
who think of nature as one of the most 
interesting and dynamic subjects which 
we are privileged to have in our school 
curricula. 

Using an ecological approach to the 
study of nature, recognizing the value of 


a name as a ‘“‘springboard’’ and not as 
a ‘‘swimming pool,’’ one can introduce 
such dynamic subjects as predatory rela- 
tionships of animals, food chains and the 
balance of nature; the dependence of 
animals on plants for food and cover and 
the natural succession of plants and ani- 
mals; the necessity of food, light and 
water for life on the earth; the disastrous 
spectacle of diminishing returns in the 
harvesting and use of our natural re- 
sources ; and the techniques of wise man- 
agement in the use of our soils, waters, 
forests, minerals, and wildlife. 

If a child can help piece together the 
food-chain story of a great-horned owl’s 
use of the skunk for food and finds that 
the skunk in turn feeds on turtle eggs, 
and the turtle relies on berries and mush- 
rooms which are fertilized by the seats 
or the decomposing owl pellets contain- 
ing remains of the skunk, he will soon 
show an interest in what the ‘‘essentials 
of life’’ are, as well as an appreciation of 
why living in the wild is so hazardous for 
most animals. 

The reliance of rabbits, snakes, squir- 
rels, opossums, and skunks on the holes 
made by woodchucks is a fact which is 
not widely known and is largely ignored 
by those who think all woodchucks are 
harmful. 

The transition of an abandoned field 
from a cultivated or pastured condition 
to a luxurious growth of goldenrod, 
asters and beard grass, to be followed by 
blackberries, bayberries, sumacs, wild 
cherry, poison ivy and the like, which 
will eventually be suppressed by a stand 


| 
| 
| 
| 
| 


164 The American 


of ashes and birches which in turn will 
have to give way to maples, oaks, hicko- 
ries, and beeches, makes a delightfully 
refreshing story for most people. This 
can be described but is much more im- 
pressive if vou can go from one habitat 
to the other to make vour observations. 

Pheasants prosper best in the grain 
states where some grain is left after har- 
vesting, where hedgerows and ‘*islands”’ 
are left or constructed for cover, where 
long periods of freezing and ice storms 
do not starve them out and where there 
is good lowland winter cover. Grouse 
have adapted themselves to ice storms in 
the north with their habit of ‘* budding,’’ 
eking out existence until better 
weather returns, but pheasants have not 
learned to do this. These facts are im- 
portant in the management of pheasants 
and also form the basis for some fine edu- 
cational projects which can be termed 
**nature study.’’ 

As I see it, the professional fields 
should be responsible for ascertaining 
the ecological facts of nature, and THE 
NATURE StTupy Society, as one of the 


educational oreanizations working in the 
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nature field, should apply these facts to 
We should find the 
hature 


teaching situations. 
means to enrich the study of 
through a sound and dynamic ecological 
approach. Nature Study, if well organ- 
ized and taught by teachers who are 
inspired by first hand observations them- 
selves, can be one of the most interesting 
subjects taught. 

Since this presumes well trained and 
inspired teachers, we must find and use 
the best methods possible for training 
teachers. Conservation workshops or 
laboratories where students can learn the 
princinles of wildlife management, soil 
conservation, forestry, stream improve- 
ment, mining, sound planning of parks, 
highways, and playgrounds, and at the 
same time develop working plans and 
units of study for school use with the 
assistance of trained specialists and con- 
sultants from all the subject matter 
fields, seems to offer one of the better 
means of producing inspired, well- 
trained teachers who understand the role 
and significance of ecology as the basis 
for much of the conservation and nature 


programs of today. 


The Teaching of Ecology 


From the Biology Teacher’s Standpoint 


HOWARD H. MICHAUD 


President -« ect of 


I. THe RELATION or EcoLoGcy To 
BioLoGy 
Ecology and conservation are usually 
classified as sub-sciences of biology. Yet. 
Presented before the National Association 
Annual Convention program, Boston, Massachu 


setts, December 28, 1946; the coneluding num 


her of a symposium on The Teaching of Eeol 


the National Association of Biology Teachers 


either approach to the field of biology is 
sufficiently all inclusive to enable one to 
The 


servation approach has been used in one 


treat the whole field of biology. 

high school text in Biology by Bayles 
and Burnett. To my knowledge, how 
ever, no high school text has been tried 
that uses the theme of ecology through- 


out. Unfortunately, many texts include 
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essential portions of ecology, without 
mention of the word nor any explanation 
of the simpler ecological terminology. 

It is true that advanced ecology is too 
difficult and too complex for inclusion 
in the high school course. The research 
ecologist must incorporate in his knowl- 
edge a background of all the sciences. 
He depends upon chemistry for analyses 
of the materials of the environment, 
upon physics for instruments to measure 
temperature, humidity, and pressure. 
Statistical methods of sampling popula- 
tions, mapping and surveving, and other 
techniques are learned from mathe- 
matics. The understanding of the strue- 
ture. nature, and origin of soils is gained 
from geological investigations. Hydroe- 
raphy, climatology, botany and zoology, 
each as a separate science, contributes 
fundamental concepts to the study of 
ecology. Dexter in The American Biol- 
ogy Teacher of December 1945 speaks 
of Ecology as the hub of the natural 
sclences, 

There is no textbook in high school 
biology at present that does not devote 
considerable space to the study of con- 
servation. It is considered a practical 
must in widely seattered fields of the 
public school curricula. Yet, the most 
understandable and comprehensive ap- 
proach to the study of renewable re- 
sources is ecological and therefore bio- 
lovical because it pertains to living 
things. Every field of living resource 
lanagement, including the wise use of 
soil and water, is primarily the appli 
cation of the science of ecology. 

Considering its basic importance, then, 
there seems to be a definite need to in- 
terpret some of the simpler ecological 
concepts in terms that can be understood 
by the high school biology student. In 
order that a subject may be taught it 
Inust become a part of the teacher’s 
knowledge. It is natural for the teacher 
to pass on to the students what he knows 


best. The same tendency has accounted 
to a considerable extent for the varying 
emphases on separate units in the biol- 
ogy course. General science has suffered 
even more a lack of uniformity due to 
the difference in scientific training of 
teachers. Perhaps the college ecology 
course needs to lay more stress on ade- 
quate interpretation for teachers rather 
than search for greater verbosity. 


Il. EXAMPLES or EcoLogicaL THINKING 


A good way to begin is to relate a few 
simple examples of ecological thinking. 
There are no serious involvements here 
that usurp the mind with definition. 

Dr. Edward Graham in the November 
1940 Soil Conservation relates the fol- 
lowing story : 

Some vears ago a farmer in New York 
State was complaining to a friend that 
there were no longer any ducks on a big 
marsh at the lower end of his farm. <A 
biologist was called to the farm to deter- 
mine why the ducks no longer nested on 
the marsh. The biologist did not decide 
on the answer until he had made re- 
peated trips to the marsh at different 
seasons of the vear until, bit by bit, he 
pieced his observations together to make 
a complete picture. 

Finally, the biologist concluded that 
the ducks were gone because the boys 
had trapped all the skunks. The farmer 
was skeptical but it was explained that 
the skunks dig snapping turtle eggs out 
of the sand where they are laid, and eat 
them. When the fur prices went up the 
boys trapped the skunks and the turtles 
had a chance to multiply. As the tur- 
tles increased there wasn’t enough food 
for them so they began to feed on the 
ducklings. Since ducks will not nest 
where they are molested that way, they 
moved somewhere else. The farmer was 
advised that if he wished to have the 
ducks back the boys would have to quit 
trapping skunks. 
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The ducks had been the pride of the 
family. Although not firmly convinced 


the farmer reluctantly followed the 


biologist’s advice. However, the ducks 
returned and today there are as many 
as ever. When trapping ceased, the 
skunks increased with a resultant de- 
crease in the snapping turtles; the tur- 
tles no longer exerted pressure on the 
ducks, which came back to nest on the 
pond; and something like the previous 
set of relationships was established. 
The biologist had studied all the fae- 
tors of the environment affecting a given 
situation, instead of considering a sinele 
factor to the 
might have equally important influence. 


exclusion of others that 


This is an example of ecological thinking. 

Anyone who investigates the complex 
relations of fishes in streams, ponds, and 
lakes, finds innumerable examples of eco- 
logical associations. Some of these may 


be comprehended with facility while 
others are problems for the technical 
limnologist. The old adage ‘‘it’s easy 
if you know how’’ may be applied to the 
simpler concepts of water biology that 
may be understood by the layman and 
high school student. 

Plant life in lakes is valuable to fish 
in a number of ways. The photosyn- 
thetic process of plants releases much 
oxygen to supply the respiratory needs 
of aquatic animals. Plants use carbon 


dioxide and other animal excretions. 


which would otherwise accumulate to 
make water acid and unsuitable in other 
ways. They help hold the bottom, reduce 
wave action and clarify water. Larger 
plants furnish competition to retard the 


W eed he Is 


particularly for 


erowth of obnoxious aleae. 
are used shelter, 
voung fish. 
Vegetation is the basic origin of the 
food chains for the fishes including those 
that subsist wholly on a diet of flesh. 
Plant plankton is the source of much of 


the food preparation for aquatic animals 
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while the larger plants directly nourish 
various invertebrate species. Plants in 
water help increase the surface upon 
which various kinds of food organisms 
live, grow and lay their eggs, thus pro- 
viding an increase in food production 
Nutritive fertility of bottom soils is an 
important consideration of aquatic plant 
evrowth. Decaying plants add fertilizing 
elements to the water and thus increase 
the food material of the plankton, which 
is a most important link in the food 
chain. 

Many other ecological considerations 
must be taken into account in our Inves- 


Many 


ducks and other water-fowl depend on 


tigations of plants in water. 
aquatic plants for food as do the muskrat 
and the moose. Weed beds in water may 
become so thick as to be deleterious to 
boating 


fish life, to fishing, swimming, 


and other recreational pursuits. Decay 


ing water vegetation may cause un 


pleasant odors, and may cause heavy 
mortality amone fishes due to exhaustion 
of oxvgen in the process Ol decompo 
sition. 

Reference to aquatic biology has been 
emphasized because in the writer’s opin 
ion, the subject of limnology seemed to 
offer some of the richest background ex- 
perience for the teaching of high school 
biology. Moreover it would seem that 
other biological courses for teacher train 
ing have the opportunity of contributing 
as much through greater application of 


the ecological approach. 
Ill. Ecouogy in tHe 
BioLoay Cours! 


If ecology should be treated as one 
of the special concepts or principles to 
be learned in high school biology, it 
should include all of the present ecolog 
ical subject matter found in the high 
school texts. Otherwise the idea of ecol 
ogy should be clearly defined and inte 


erated throughout the biology course as 


| 
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an underlying principle or approach to 
the study of living things in relation to 
the environment. Either method has 
definite value although it is presumed 
that the best scientific application would 
be effected through integration. 

As a separate unit there might be a 
tendency to revert to the ramifications 
of the college courses. If ecology is 
woven into the present biology course 
whenever a phase of applied science is 
taught, it should provide adequate mate- 
rial for one of the paramount objectives 
in biological teaching, namely, the scien- 
tific method. 

Take, for example, the study of any 
special group like the inseets. In many 
cases such studies are confined to collect- 


How 


more interesting, valuable, and 


ing, naming, and e¢lassification. 
much 
practical it might be to learn all that 
can be gained by observation of ten com- 
mon insects than to name and classify 
one hundred species, provided of course 
we are really concerned with living biol- 
ogy, rather than pigeon-hole biology. It 
amounts to something like studying hu- 
man psychology from a_ street corner 
rather than from the classified telephone 
directory. 

One day, while sitting near a pool, I 
observed some wasps busily engaged in 
rolling small mud balls which they picked 
Noting their flight 
it was learned that not al!) of them flew 


up and carried away. 


in the same direction. An elemental 
curiosity in wasp behavior soon proved 
that several nests were in the making. 
A crude form of masonry was witnessed 
in the behavior of these vellow-legged 
mud-daubers. Think of the many other 
observations that finally lead to the life 
history of this kind of mud-dauber, its 
relation to other animals, food, and selee- 
Whether it has 


economic significance depends upon its 


tion of its home site. 


direct or indirect influence upon man. 
Collection of facts and carefully re- 
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corded data help establish the difference 
between fancy and scientific authenticity. 

Interdependence, necessities of life, 
influence of environment, adjustment, 
habitat, distribution, and conservation 
are unit areas in high school biology 
that lean most heavily upon ecological 
thinking. Yet, ecology is seldom men- 
tioned. The teacher’s viewpoint is not 
always ecological in the discussions and 
field excursions in these subject fields. 

This is not necessarily a plea for the 
inclusion of more ecology in the high 
school course. The opportunity of this 
approach is already with us and our 
evood biology teachers recognize it and 
teach it. It represents a justification for 
teaching nature study, sadly neglected 
on the grounds that it belongs to an anti- 
quated system. Nature study can be 
presented as a simplified ecology with 
a practical purpose and a modern slant. 
It is an excellent means toward another 
of the essential objectives in teaching 
biology, that is, how to live in harmony 
with the environment. 


GRASS A GOOD SOURCE OF 
VITAMINS 

Charles F. Schnabel, a former science 
teacher, added powdered grass to the diet of 
his family because he was out of work and 
could not afford to purchase all the food 
necessary to make up a balanced dietary. 
The six children thrived so well on it that 
he has now continued its use for eleven years. 
None of them, including Charles, the eldest, 
now twenty-one, has ever had a deeayed 
tooth. Mr. Schnabel has estimated that 
twelve pounds of grass contain more vita- 
mins than 340 pounds of vegetables and 
fruits, and that the vitamin value of grass 
is nine times as great as that of spinach and 
lettuce. Young shoots of wheat, barley, rye, 
blue-grass or corn reach their maximum rich- 
ness in vitamins after eighteen to twenty-one 
days of growth. Mr. Sehnabel sows the seed 
every two weeks on a plot adjoining his 
home. The young grass is cut before dawn 
and dried quickly over a hot air register. 
Rockhurst College in Kansas City gave Mr. 
Schnabel the honorary degree of Doetor of 
Science for his researeh. 

From Good Health, May, 1945 


What in Ecology Is Most Significant to the 
Biology Teacher? 


The morning program of the Boston 
convention, December 28, 1946, was de- 
voted to the above theme. Of course, 
space does not permit printing the com- 
plete text of all of the addresses, but 
The American Biology Teacher attempts 
to bring its readers as much as possible 
of this symposium, by printing the open- 
ing address in full and portions of sev- 


eral others. We have tried to select these 


so as to avoid duplication of ideas and to 
retain as much as possible of the spirit 
and continuity of each of the addresses 
represented. 

The Association and the Journal take 
this opportunity to thank each of the 
speakers for his contribution to an excel- 
lent program and for permission to select 
portions of their addresses for publica- 


tion. 


THE ECOLOGISTS’ VIEWPOINT 


J. M. AIK MAN lowa State College, Ames, lowa, President, Keological Socrety. 


In EKeology the community concept 
would seem to be most significant to the 
biology teacher. Ecology, as the deriva 
tion of the name from the Greek indi- 
cates, is the science | Logi ) of the house 
hold affairs (OQitkos) of living organisms. 
The households of living organisms are 
SO intimatels integrated that the com 
munity is the unit of ecological study. 
Plants and animals do not live alone. 
They live together in communities. Un- 
less we study them there, the things we 
learn about them may not be true. Such 
a living community Is a distinct entity 
and lives more or less to itself. In this 
respect it resembles a human community 
but the community of organisms other 
than man is much more diverse because 
different specific, generic, family and 
even division characteristics are present 
Evidence of law and order are present 
in at least as ereat a degree in communi- 
ties of other organisms as In human com 
munities. 

The diversity within living communi 
ties seems to be matched only by the 


Many 


wilderness communities, undisturbed by 


diversity among communities. 


man, display almost infinite diversity but 
man’s attempted control of communities 
of organisms may increase or decrease 
the diversity. The study of the living 
communities within easy access of the 
laboratory of any biology class will re 
main an unfinished task. Even naming 
and classifving them will probably never 
be accomplished to the complete satis 
faction of the class. They range from 
what seem to be the simplest man-con 
trolled communities to the more complex 
natural or semi-natural communities 
The simplest of communities controlled 
by man are those which he attempts to 
build of one single variety, strain or 
hybrid of corn, oats, tomato or chicken. 
He never succeeds and the degree of his 
failure, as indicated by the presence of 
weeds and other displaced organisms in 
his unplanned integrated community, 
makes an interesting subject of studs 
When he attempts to build an animal 
community, in which case he must pro 
vide plants for food, he usually obtains 
a much more completely integrated com 


munity than be anticipated, 


In keeping an interested, well-organ 
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ized, informed and equipped elass in 
effective contact with the innumerable 
problems found within communities in 
the field, much more in the ecology of 
living organisms than one concept is 
used. The class, on its first visit to the 
living community, is usually impressed 
by the many distinct kinds (species) of 
plants and animals living together in 
what often appears at first glance to be 
asimple community. Some of these have 
a general resemblance to each other and 
some have a very close resemblance. 
Also, there are varying numbers of in- 
dividuals of each species. The first 
learning the class will insist on will be 


the most common plants and animals in 


names and means of identification of 


the community, Sustained interest in 
this phase of community study, until a 
census is made, is very easy to maintain. 
ln fact it can hardly be suppressed. 
Also, interest is usually manifest in 
comparative number, size, area and other 
facts of spatial relationships which can 
easily be determined by means of quad- 
rat and other quantitative studies. 

The next or even a simultaneous in- 
terest the class will have in the com- 
munity is how the individual plants and 
animals live together; how the presence 
and life processes of one organism are 
related to those of another. Following 
this very closely will be the interest in 
how each plant and animal obtains food, 
erows and reproduces. The factors or 
conditions under which each of these life 
processes occurs in the community will 
also be of interest. The conditions in the 
community govern the presence and be- 
havior of the living organisms making 
up the community, affect their develop- 
ment, and act as a barrier to other or- 

The interactions among living organ- 
isms in the community occur chiefly 
through the effect of the organisms on 
the conditions of the habitat and of the 


conditions of the habitat on the organ- 
isms. Each community has its own dis- 
tinct habitat but so also does each organ- 
ism have its own microhabitat. There 
is competition among the organisms for 
factors of the habitat such as radiant 
energy, soil moisture and nutrients, for 
the plants and food and shelter for the 
animals. Competition is keenest among 
closely related organisms which make 
identical demands on the habitat in the 
same place at the same time. Many of 
the effects of one organism on another, 
however, are direct. Green plants syn- 
thesize and furnish the food for the liv- 
ing plant community. The class should 
be much interested in the energy cycle 
of which this food making process is the 
basis. Syuthesis of food by green plants 
is therefore the first link in each of the 
diverse food chains found in living com- 
munities. Some of the animals and para- 
sitic plants feed directly on the green 
plants. Others obtain their food from 
animals. Still other animals and depen- 
dent plants obtain their food after the 
dead green plant parts have been added 
to the soil. There are also many sym- 
biotic relationships; algae and fungi to 
form lichens; legumes nitrogen- 
fixine bacteria; nectar-bearinge flowers 
and pollen-carrying insects. 

An example or two will suffice to illus- 
trate the structure of the community and 
the relations of the living organisms to 
each other and to the conditions in the 
community. prairie or prairie-like 
community, if available, affords an op- 
portunity for the biology teacher to 
introduce his class to a most interesting, 
organized complex of living things. — It 
will be noted at once that four or five 
different species of grasses exert control 
in the prairie community because of 
their numbers, size and duration. These 
are the dominants. There are also sub- 
dominants of all degrees. Some of these 
may have size and numbers but not 
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duration: the prairie evening primrose, 
the prairie clover, the tickseed and others 
which may look like dominants for a few 
weeks in mid-summer; the goldenrods, 
asters and bur clover which make full 
growth and look lke dominants only in 
the fall. A few of the sub-dominants 
have size and duration and lack only 
numbers: the prairie rose, the leadplant 
and New Jersey tea. Several of the 
plants have numbers but lack size and 
duration and are hopelessly suppressed, 
but get sufficient radiant energy, soil 
moisture and nutrients to survive: bas- 
tard toad flax, Indian tobacco, prairie 
violet, Seribner’s panic grass and other 
small plants. The well-balanced prairie 
community has its prairie animals ; mam- 
mals, birds, reptiles, insects and other 
invertebrates. Species of fungi and bac- 
teria are on the plants as disease organ- 
isms and other species, together with 
species of algae, are in the soil in large 
numbers. 

In a forest community, such as one 
representing the oak-hickory association, 
the woody plants all have duration and 
many are present in sufficient numbers 
for control. Here dominance is chiefly 
a matter of size and tolerance. The oak 
and hickory species are dominants in this 
community. Black cherry and white ash 
have size, duration and sufficient toler- 
Small 


trees and shrubs, which have sufficient 


ance but usually lack numbers. 


numbers, rank as secondary, tertiary or 
They 


may form definite laver societies. Full 


lower species depending on size. 


season herbaceous plants form layer so- 
cieties below the lower woody plants. 
Seasonal herbaceous societies on the floor 
of the forest are made up of early 
spring flowers which make their food 
for the vear before the tree leaves come 
out; and spring-, summer- and _ fall- 
blooming herbaceous plants which, like 
the small trees or shrubs, can grow, 
third-, or 


flower and fruit on second-, 


| Mar. 


fourth-hand light. In the forest com- 
munity light or radiant energy is an 
important growth factor. Algae, lich- 
ens, mosses and ferns usually fit into the 
forest community better than into the 
prairie. Animals, bacteria and fungi 
take their place in the community here 
also with saprophytic fungi having a 
more important place than in the prairie 
because of an abundance of dead wood. 

Significant to the biology teacher and 
to the class is the analysis of the com- 
munity into its individual species and 
the role of these individuals in the life 
of the community. We can learn some 
very specific things about the interaction 
of organism and habitat by studying the 
habitat requirement of the plant or ani- 
mal in the community and also by taking 
the plant or animal out of its habitat 
for supplementary study. <A large pro- 
portion of biology teachers will find it 
necessary to plan carefully in order to 
be able to have the class in the field suffi 
ciently, under all seasonal conditions, to 
become acquainted with the complete 
vearly cvele of the community. Portions 
of the communities may be simulated in 
laboratory or 


terraria or aquaria in 


vreenhouse if available. Some teachers 
will have to rely to a large extent on 
such substitutions 

In anv event, it will be desirable to 
take many specimens from the commu- 
nity into the laboratory for study in the 
preserved condition. The biology of the 


community is live biology rather than 


dead biology but careful study of the 
animals and plants from the community 
by dissection may be necessary to under 
stand more fully the relationship of their 
characteristics to their 
It should be re- 


morphological 
role in the community. 
membered that fully half of the inter- 
actions of organisms with their environ 
ment and among organisms take place 
below the surface of the ground or water 


in the community. Both in the com- 


; 
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munity and in the laboratory, all of the 
organisms must be considered and the 
whole of each organism. This applies 
especially to the roots of plants. 

Of special interest in the investigation 
of the community is the study of the 
origin of communities. The steps in- 
volved may best be observed in bare areas 
where no communities are present to be 
replaced. Under these conditions the 
steps can be separated and studied. First 
there is migration, the movement of the 
spore, egg, seed, plant. fragment, ani- 
mal, or other reproductive unit from the 
parent area to the area of the new com- 
munity. Two important factors are the 
mobility of the organism and the pres- 
ence and nature of barriers. The next 
step is the ecesis of the organism which 
includes all of the processes by which 
the organism ‘‘makes itself at home’’ 
emergence of the plant or animal, growth 
and reproduction. Closely following 
ecesis Is aggregation which is the result 
ot the reproductive process of the invad- 
ing organism in the new area. It is the 
movement of the propagating organ of 
the plant or animal within the parent 
area. Plants and animals differ greatly 
as to the number of offspring that settle 
down at home and those that migrate. 
Mobility the controlling factor. 
Among plants, those with less mobile 
fruits and seeds, settle a community more 
rapidly than do those with highly mobile 
seeds. As these offspring begin to make 
themselves at home in the new commu- 
nity, the degree of competition increases. 
Although competition can hardly be con- 
sidered a step or stage in the origin of 
the community, it is usually an inevitable 
result of aggregation and sometimes of a 
first mass migration into a new area. 
Reaction is the last step in the origin 
of a community and includes all of the 
changes wrought in the habitat of the 
community by the organisms of the com- 
munity. These changes are slow at first, 


increase in rate as the population of the 
community increases and then gradually 
level off in rate as the community be- 
comes stabilized. 

Under any complex of climatic con- 
ditions except the most unfavorable for 
the development of communities, the 
original or pioneer community occupy- 
ing an area is replaced by one commu- 
nity after another. This process is 
known as succession. Since it is of 
universal occurrence, it may be observed 
in the vicinity of any biological labora- 
tory. 

The first community which invades an 
area, as described previously, is followed 
by the development of the next one in 
order which can invade and occupy the 
area. When a community has reached 
full development, it can no longer hold 
the area against invaders of the next 
stage or community of the succession. 
The reason for this is that succession 
from one stage to the next results in im- 
proved growth conditions and improved 
communities, in that the degree of oceu- 
pancy of the area is gradually increased. 
Although plants seem to have the leading 
role in succession, each successive stage 
of vegetation has its animal associates 
which make increased demands on the 
community. The plants of the invading 
community are better adapted to growth 
under the improved conditions of soil 
depth and structure, soil moisture and 
nutrient conditions and can therefore 
make food more rapidly under the same 
climatic conditions. Thus provided with 
a greater supply of food they make more 
evrowth and can, as a result of using more 
materials and making greater demands 
on the habitat, absorb water and nutri- 
ents away from the roots of the original 
plants. The invasion of the area by each 
succeeding plant community is governed 
by the same principles and follows the 
same processes as in the origin of a com- 
munity on a bare area. The only dif- 
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ference is that, following the develop 
ment of the first community on a bare 
area, the second and all communities 
thereafter must take over the area from 
the less efficient community in posses- 
sion. Finally, a community is developed 
which is made up of the most efficient 
under the 
A com- 


paratively permanent balance within the 


oreanisms which can erow 


climatic conditions of the area. 


community and between the community 
and the physical environment has thus 
This 


reproduce itself but minor changes char 


been reached community will 
acteristic of a dynamic biological equi 
librium will continue to oceur. In gen 
eral. the soil conservine properties ot 
each community in the succession are 
ereater than those of the preceding com- 
munity. 

The class will be able to find com 
munities representing practically all of 
the stages of development from initial 
pioneer communities on both wet and dry 
substrata to climax communities. Ex 
amples of communities which have been 
wholly or partially destroved, by natural 
causes or by man, will also be found 
Upon removal of the cause, succession 
will proceed from its present stage to 


Mueh 


of the diversity observed amone com 


the climax very much as before. 


munities may be explained by the class 
by determining the place of the given 
community in the succession. 

The class may become interested in 


measuring the conditions or factors 


within the community. The comparison 
of the conditions in two widely different 
communities is especially interesting 
The classification of organisms on the 
their habitat 


not too difficult. 


basis of requirements is 
They quite readily fall 
into groups of ecological equals or 
equivalents. As a result of studies in 
cause and effect relationships of habitat 
factors and organisms, the presence of 


viven organisms and of communities can 
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be used to indicate definite conditions or 
factors of the given areas. This ecologi 
cal method of using the organisms them 
selves as indicators of growth conditions 
of a viven habitat for organisms ante 
dates the development of the science of 
Kcologv and even the use of the term 
The class will undoubted], he 


ecology 


interested in utilizing the indicator 
method in attempting to solve local land 
use problems. 


Cause and effect reasoning can further 


be developed in the class Ly the study of 


the geographical distribution of living 
communities on the basis of what has 


been learned about the communities and 


habitats in the vicinity. How far does 
a viven local community extend and in 
What cirections In which direction 


does it Seely TO be 


better developed ? 
Where else may this community be 
found? What are the climatic and soil 
conditions which account for it Does 
it have a counterpart elsewhere on this 
continent or on other continents? Gen 
eral knowledge of the class, obtained 
from travel, reading and the study of 
maps, constitutes the basis for a broader 
application of the principles involved in 
the geographical distribution of living 
communities. 

Finally the importance of using the 
students own community as a source ot 


teaching material must be emphasized 


Based on the foregoing approach it 


should not be difficult for the bioloey 
teacher to show the relationship existing 
between the basic laws vovernine thy 
behavior of other organisms living to 
vether and those which apply to human 
communities. The time given to appli 


cation of ecological principles the 
study of human communities can be gov 
erned by the interest and background of 
the class and of the biology teacher 

In Summarizing the discussion we hope 


that we may be more definite than in the 


introductory statement without appear 
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ing to be dogmatic. In ecology the com- 
munity concept is most significant to the 
biology teacher because organisms live 
only in communities and, as we have 
attempted to show, a comprehensive 
study of living communities is svnony- 


mous With the study of ecology. 
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Contributions for By The Way have almost 
come to a standstill. Several recent letters 
asking what has become of By The Way did 
not include items for the feature. It can 
be maintained (or revived) only if enough 


items come in to make it worthwhile. 


om The Place of Plants in Elementary Ecology, Neu. E. Stevens, University of 
Ilinois, Urbana, Illinois, President, Botanical Society. 


Bv this time it must be evident 
that there seems to me but one place to 
begin the study of ecology. That place 
is the relation of green plants to their 
inorganic environment. That seems to 
me the best possible approach even if 
one’s ultimate objective relates particu- 
larly to animals or even to special groups 
of animals including man. Ecology—by 
definition—is the study of organisms in 
relation to their environment. Green 
plants constitute one of the indispensable 
elements in the environment of all ani- 
mals. A study of animal ecology must 
then begin with a study of green plants, 
not with studies of succession. or of 
climax formations, or of ecesis and ag 
vregation, but with a study of the mass 
production of those basic things without 
Which animals cannot live. 

A logical next step would be to study 
those animals, like pollinating insects, 
which contribute directly to the welfare 
of the green plants on which we all de- 
pend, 

Finally in regard to those animals 
which contribute only very indirectly or 
not at all to the welfare of green plants, 
one might well concern himself with 
how far they can get from green plants 
That is, 


study some of those intrieate ‘‘chains’’ 


and still maintain themselves. 


by which the animal is connected with 
the ultimate source of its ability to live. 
A related problem is the question of how 
long some animals can remain away from 
the proximity of green plants. 


Obviously most of this is more easily 
taught in the field than in the laboratory. 
It is more easily taught in the country 
than in the city. The preparations of 
inimals (ineluding man) for winter em- 
phasize the changes which are necessary 
to maintain life when green, actively 
erowing plants are no longer available. 
Plant products are stored as honey, as 
seed (ineluding nuts), or as parts of 
stems buried in the ground. They are 
stored as hay, as roots and as silage. 
Some animals obtain plant food stored 
in twigs and dormant buds by browsing. 
Many birds, indeed many people, mi- 
erate to literally greener pastures. 
Hibernatine animals store their reserve 
as fat and reduce consumption by sleep. 

City dwellers have available the con- 
tents of tin cans, and the contents of 
huge cold storage warehouses. Recently 
frozen foods have become available to 
them. Every refrigerator car that rolls 
from a southern state to a northern mar- 
ket is movine food from a region where 
the leaves are still green to places where, 
out doors, only the conifers are green. 
say ‘tout doors’? advisedly for the 
tells its 
In its own way the extent 


American term ‘‘green house’’ 
own story. 
of the green house industry emphasizes 
man’s dependence on photosynthesis. — I 
am assured on good authority that the 
cash value of the vegetables grown under 
elass during the normally dormant season 
in the state of Ohio exceeds that of the 
vegetables grown out of doors in the 
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summer in the same state. Potatoes, of 
course, are not included. 

Somewhere in even the most elemen- 
tary discussion of ecology there must be 
a place to emphasize the fact that each 
organism has some effect on others, and 
that no organism can be added to or re- 
moved from a community without chang- 
ing the life of others. It seems to me 
that in elementary courses this may well 
be deferred until toward the end. By 
this time it may have become evident, 
perhaps obvious, to the better students. 

In reading various ecological works 
during the past summer I found re- 
peated references to S. A. Forbes classic 
paper The Lake as a Microcosm. All 
agreed that this was a milestone in the 
development of the ecological point of 
view. My first reaction was one of sur- 

1 FORBES, STEPHEN A. The Lake as a Micro 
cosm. Two earlier editions of this paper have 


leng been out of print. <A third ‘‘ with trivial 
emendations’’ is available in Illinois Natural 


History Survey Bulletin 15: 537-550, 1925, 
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prise that so late as 1887 it was a great 
advance in ecology to point out the inter- 
dependence of all living things within a 
limited space, and of their dependence 
on the nonlivine elements in the environ- 
ment. 

I soon realized however that it was 
not until after 1887 that insect transmis- 
sion of a plant disease was demonstrated. 
It was very much later than this that 
serious attention was first given to the 
study of the effect on plant diseases of so 
obvious a factor as soil temperature. — | 
remembered too how often a plant pa- 
thologist has been content to end his 
study of a disease as soon as the causal 
organism has been identified and named. 
As a dweller in this glass house | am in 
no position to cast even a very small 
stone at the ecologists. On the contrary 
it seems to me to be the special funetion 
of the ecologist, now as in 1-87, to point 
out to the beginning student and mature 
investigator alike that the living world 


is indeed, one world. 


rom The Ecology of Mollusks for the Biology Teacher, IleNky VAN DER SCHALIE, 


University of Michigan, Ann Arbor, Michigan, representing the American Malaco 


logical Union. 


In order to remove doubt from the 
mind of prospective research workers in 
the ranks of biology teachers as to their 
ability to contribute to this field, atten- 
tion will very briefly be focused on two 
contemporary amateurs who have become 
distinguished in malacology. The first 
and perhaps among the most outstand- 
ing in this country is the late Bryant 
Walker, who was a lawyer by _ profes- 
sion. Most of vou know of him through 
his contribution to the section on Mol- 
lusks in Ward and Whipple’s monumen- 
tal book, entitled ‘*‘Fresh-water  Biol- 
ogy.’’ Not only did Walker publish 
many outstanding papers, but he built 
a collection and a library which rivaled 
any of their kind in the museums of this 


country. 


John W. Taylor, who was a printer by 
profession, holds a similar distineuished 
malacologists of 


position among the 


England. In addition to founding the 
Conchological Society of Great Britain 
and Ireland, with its Journal of Conchol- 
ogy, he published an excellent three 
volume monograph of the land and fresh 
water shells of the British Isles. Boy 
cott' refers to this monograph as ‘‘the 
most complete and best illustrated ae- 
count of any group of animals which has 
been published 

Other workers could be added, men 
who were clergymen, financiers, ete. 
Certainly if students without a great 


deal of formal trainine can do so well, 


1 Boycorr, A. John William Taylor. 


Journal of Conchology, 19+ 157-161, 1931. 
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our teachers of biology need not feel 
vreatly handicapped in making a begin- 
ning. 

Mollusks as a group are compara- 
tively easy to find and to preserve. At 
the outset in ecological work it is desir- 
able to collect specimens loeally and to 
make lists of the species found in various 
places. The specimens thus accumulated 
will then serve as an added incentive to 
further study. As wider acquaintance 
with the field is acquired it will become 
clear that there are certain fundamen- 
tal ecological concepts which in recent 
vears have been well expressed by the 
late A. EK. Boycott. 
this information can brietly be sum- 


Kor our purposes, 


marized as they concern the land, the 
fresh-water, and the marine forms. 

As indicated by Boycott? the most im- 
portant factors in the ecology of land 
(1) Nhelter, in which the 


moisture is. of 


mollusks are: 
preservation of para- 
mount importance. In fact, the shell 
itself somewhat serves this end. 2) 
Lime, or what may be termed soil reac- 
tion, Which is emphasized by the fact that 
calcareous soils support the richest mol- 
lusk fauna. Along with these two basic 
conditions, there are severa! other obser- 
vations that should briefly be mentioned. 
Since most snails feed on decaying vege- 
tation, food is seldom so searce as to be 
an important factor in localizing colonies. 
Also, competition is probably not an 
important factor in limiting their distri- 
bution. In the food chain studies, snails 
usually do not form the sole item in the 
diet of other animals. Yet we do need 
more information about the agents which 
destroy our land snails, especially the 
The role 


of introduced game birds, such as pheas- 


eges and immature specimens. 


ants, might well be significant in this 

Boycorr, A. E. The Ocecology of British 
Land Mollusca, with special reference to those 
of ill-defined habitat. Proce. Malacological Soc., 


London, IS: 213-224, 1929, 


‘than biological. 
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connection. In an ecological program, 
Boycott recommends following the same 
lines with mollusks as have been so well 
established for plants by the botanists. 
On a comparative basis mollusk ecology 
is simple, and it consists of defining the 
habitats which each species prefers, the 
range of the habitats it can tolerate, and 
the features in the environment the vari- 
There is 
reason to suppose that the important fea- 


ous species have in common. 


tures are physical and chemical, rather 
Teachers could contrib- 
ute substantially if lists of species were 
made in small areas of uniform character 
and information could be given about the 
soil and vegetation. The value of having 
such work done by individuals in their 
home regions rests upon the supposition 
that more accuracy is attained by having 
the work repeated several times during 
suitable weather conditions. 

Kresh-water shells offer many oppor- 
tunities for ecological studies. Some of 
the basic ecological features as they re- 
late to this group of animals have also 
been given by Boycott... His careful 
study of fresh-water snails in England 
has shown that the conditions that gov- 
ern these mollusks are, as in the land 
shells, again mainly chemical and physi- 
cal. The major groups, ¢.¢., the mussels 
(or bivalves), as well as the operculate 
and the pulmonate snails can each be 
divided into some few forms which are 
restricted to soft waters; another group 
of species which are restricted to hard 
waters; and the larger series which seem 
to need a fair amount of lime. In a 
more detailed analysis the animals may 
be grouped according to their response 
to chemical and physical conditions, such 
as: cleanness of the water, amount and 
character of disturbance or flow, pres- 
ence and quantity of lime, size of the 

’ Boyceorr, A. E. The Habitats of Fresh- 
Water Mollusea in Britain. Jour. Animal Ecol- 


ogy, 5: 116-184, 1936. 
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body they inhabit, presence and distribu- 
tion of vegetation, ete. 

Some of the general characters which 
hold for the land snails also seem true 
for many of the aquatic forms, that is 
to say, the animals are for the most part 
quite independent of the other animals 
in their surroundings (except mussels 
which need fish in their life evele) ; the 
food of the aquatic snails does not appear 
to be so specific as to limit their range 
seriously ; and again competition is gen- 
erally not so important as to be signifi- 
cant ecologically. 

The marine species offer an immense 
Recently Hop 


wood* emphasized many interesting eco- 


field for study. 


logical problems that relate to this group 
of mollusks. Not only are the species 
numerous and diverse but the animals 
are subjected to an unusually wide range 
of conditions It is of interest to note 
that chemically the emphasis shifts from 
the importance of carbonates, as noted 
among the land and fresh-water forms, 
to the role of the chlorides among the 
marines. The salinity often not only 
varies considerably from one locus to 
another in a restricted region, but it also 
varies in the larger bodies, as for ex- 
ample, the Black Sea, with a salinity of 
1.7; the Atlantic Ocean with 3.1; the 


Mediterranean with 3.8: and the Red Sea 


*Hopwoop, A. TINDELL. The Living Mol 
luse—I, In Relation to Its Surroundings 
Proc. Malacological Soc., London, 26: 29-47, 
1944. 
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with 4.3. Again, the movement of the 
water varies widely, as well as its clar- 
itv. Generally, thinner and larger forms 
live in calm waters, but there is much 
work awaitine those who would wish to 
study fluctuations that occur in varving 
structures of the widely ranging species, 
The effects of the temperature in species 
having a wide range is only partially 
known. The substratum also varies con- 
siderably and the various adjustments 
made by these animals to conditions as 
varied as mud, sand, wood, or rock, sue 
vest interesting fields for investigation 

During our recent American Malaco 
lovical Union meetings in) Washineton, 
D. C.. Ruth Turner clearly indicated a 
field for those interested studving 
Inarine mollusks Her work has cen 
tered on some of the wood-borine mol 
lusks belongine to the Teredidac To 
obtain information for our armed forces 
bearing on the destructive aspects of 
these mollusks, immersed blocks of 
wood were removed from the sea at regu 
lar intervals. Life history information 
was thus obtained about the animals 
which had penetrated the blocks. Vari 
ous kinds of wood were used throughout 


several months of the vear. Miss Turner 


sugvested that work of this kind could 
best be done by workers living near the 
sea and if done with a reasonable degree 
of care, the results would prove to he ex 
tremely useful and valuable both prac 


tically and along theoretical lines 


NoLAND, University of Wisconsin, Mad 


son, Wisconsin, representing the Zoological Nociety. 


Thus vou can see that we proceed 
at Wisconsin with the approach to ecol- 
ogy by way of the animal body. One 
might call it the somatocentric approach, 
if you wish. Following the beginning 
course the next line of development to- 


ward a proper understanding of ecology 


is an extension of the student’s knowl 


edge of the species that actually exist 
When first 


taught ecology as a separate course, the 


around him in nature. 


only prerequisite to the course was ele 
ientars This proved to be a 
Inistake. It was impossible to teach 
ecology adequately to students who had 


only a meager knowledge of local organ- 


| 
| 
| 
| 
| 
| 
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isms, Who had not seen the local fauna 
with their own eves and learned by col- 
lecting and classifving what their names 
and habits were. I gave up formal ecol- 
ogy in favor of a course in local fauna, 
since | could not find the time for both 
courses, and | taught as much ecology as 
| could in connection with the field trips 
and laboratory study of collected speci- 
mens. Taxonomy is necessary for ecol- 
ovy, but ecology also vitalizes the tax- 
onomy of animals. 

(ndoubtedly there are other ap- 
proaches to the study of ecology as effec- 
tive as the one [ am familiar with. If 
sufficient time were available in the stu- 
dent’s program it might be possible to 
plana course that would develop ecology, 
anatomy, physiology and taxonomy con- 
currently. This might have advantages 
in integration that our present system 
lacks. But in the colleges most of our 
students are not headed for ecological 
work. Some will go into medicine, others 
into Various phases of science and others 
into fields outside of science. For them 
the ecological material brought into the 
courses they take serves mainly to vital- 
ize the material they are taking up in 
the course work. In courses bevond the 
elementary zoology, we still find it pref- 
erable to compartmentalize io the extent 
of offering courses in anatomy, physiol- 
ogy, taxonomy and ecology separately, 
leaving the final integration to the mind 
of the student, where after all it properly 
belones. 

The problems faced by the secondary 
school teacher are different only in de- 
eree from those of the elementary biology 
teacher in college. The field covered in 
high school is broader, less intensive, but 
offers even greater opportunity for seeing 
from an over-all 


biological problems 


point of view. T[ taught high school 
botany vears ago, and I still remember 
that the things that made the most im- 


press on my students were the actual 
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collections of plants and plant parts. In 
the winter we studied the inflorescences 
on the weeds above the snow and the bud 
arrangements on the branches of shrubs 
We grew a few plants in the 

In the spring each student 


and trees. 
laboratory. 
made his own collection of the spring 
flora, and learned by actual field experi- 
ence a lot more about plants than I per- 
haps was able to teach him from text- 
book and laboratory work. Biology to be 
vital must be in close contact with 
nature. 

To return then to the question with 
which we started; What in ecology is 
most significant to the biology teacher? 
I would say that the answer of one 
zoologist is: those things which give 
meaning to the structure and function 
of the animal body, and to the processes 
of evolution which aid in the survival of 
the species in nature. 

In the classroom and laboratory we 
abstract from nature, and select from 
the abundance in the environment a few 
things for more careful study under con- 
trolled conditions. But we should not 
forget in this selection that it is only a 
part of the whole we are studying, and 
that after all parts have meaning only 
in their relation to the whole. The 
schoolroom is only significant when it 
leads us to an understanding of life out- 
side its walls. 


The Richard Lee “Dick” Weaver family 
has moved to Chapel Hill, North Carolina, 
where Mr. Weaver is associate director of the 
North Carolina Resources Use Edueation 
Commission. At the end of about two vears 
he will probably move to Raleigh, where his 
work will be coordinated with the State De- 
partment of Publie Instruction. He is well 
known as the secretary of The American 
Nature Study Society, the most recent affili- 
ate of THE NATIONAL ASSOCIATION OF BIOL- 
ogy Tracuers, and he has contributed some 
of our best articles in the field of nature 


study. 


| 
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From Paleoecology, Hervey W. Suimer, Emeritus Professor of Geology, Massachu- 


setts Institute of Technology. 


Paleoecology is the ecology of fossils 
when they were living organisms. The 
aims of the paleoecologist are the same 
as those of the ecologist who deals with 
present day life. He is interested in the 
mutual relationships that existed between 
the onee living organisms and between 
these and their physical environment in 
those far-off times. His reconstruction 
and interpretation of these former con- 
ditions depend principally on three lines 
of inquiry: 1. The form and structure of 
the fossil animal or plant, 2. A consider- 
ation of the habitat of its nearest living 
relatives, and 3. An evaluation of the 
sediment enclosing the fossil. 

Let us illustrate with the extinct Tri- 
lobites. Their external chitinous skele- 
ton and limb-fringes for respiration are 
evidence of a water habitat. A compari- 
son of the trilobites with other living 
Crustacea, especially with the primitive 
Branchiopoda, the phyllopods, gives 
some conception of what must have been 
the daily life of these far-distant rela- 
tives. The lime, mud or sand sediment 
now enclosing them furnishes evidence 
of the varying physical environments of 
the different species. 

Thus drawing on these three lines of 
evidence, the paleoecologist may be able 
to determine whether the fossil when 
living had a land or water habitat, 
whether it floated, flew or swam, was 
fastened to the earth or wandered over 
its surface or within it, and what was 
the temperature, humidity, and general 
chemistry of its habitat. Did the water 
animals live free or attached to rocks, 
live upon or within sand or mud? In 
addition to this physical environment, 


what were other conditions under which 


this once living organism existed?) What 
was its food, and with what other species 
did it have to compete for it? What 


enemies did it have? In short, what was 
its balanced life environment, composed 
of various types of organisms, plant and 
animal, all dependent upon one another, 
as well as upon the physical environ- 
ment? 

It must be remembered that the pale- 
ontologist has available for study only 
a small percentage of the original entire 
community. Only a very small propor- 
tion of living forms are preserved when 
they die. This is especially true of land 
animals and plants. As we look upon the 
land life around us,—grasses and golden- 
rods and trees, insects and birds and mam- 
mals, we realize that these forms usually 
die and disintegrate in the locality where 
thev have lived. If, by chance, a speci- 
men finds a resting place in lake or 
ocean, It may be ground to pieces by 
waves. If one in many millions hap- 
pens to settle in deeper waters, it is 
attacked by scavengers, by bacteria and 
fungi of decay. Kven if it lasts lone 
enough for some mud or sand to fall 
upon it, it is still subject to bacterial and 
We can prob- 


ably never hope to find even one speci- 


chemical disintegration. 


men of the majority of the millions of 
species which have inhabited the earth 
during the last billion years. So the 
paleontologist recognizes that he cannot 
expect to reconstruct the complete life 
environment of any single community 
of organisms. 

Another handicap of the student of 
past life is that he finds that the fossil 
The or- 


evanic remains have often been carried 


assemblages are often mixed. 


by streams, waves and tides, or to a less 
degree by floating vegetation or ice, far 
from their original habitat before being 
buried where the paleontologist now finds 


them. He wishes to know the living 


habitat of the fossils. If he finds the 


} 
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valves of weak-hinged specimens at- 
tached, and after he has eliminated the 
possibility that they were floated here, he 
may conclude that the rock in which 
they are now found is the hardened mud 
or sand in which they had lived. So too 
if delicate spines of such forms as 
brachiopods and gastropods are intact, 
or if corals are attached to a fossil reef, 
or shells to stones, it is pretty certain 
that the enclosing sediment buried them 
where they had lived. If, however, only 
light separate valves are: present, with 
only the light upper valves of such shells 
as Ostrea and Chama, he must conclude 
that they have been transported to their 
place of burial. Shells badly worn may 
have been transported or only rolled 
about on home ground before’ burial. 
Shallow-water species may have been 
carried into deeper water, or vice versa. 

The paleontologist must, thus, first 
eliminate the elements that are obviously 
foreign to the habitat that he is studying. 
The forms that remain he compares with 
their nearest living relatives to arrive at 
some conception of the former life habits 
of his fossils. For, however, very ancient 
assemblages, far removed from any mod- 
ern life, he must depend more fully upon 
the evidence furnished by the form and 
structure of the fossil itself 

The determination of the climate, that 
is, such factors as the temperature and 
the humidity under which past organ- 
isms lived, may be easy or difficult. The 
paleontologist must keep the picture as 
a whole in mind when considering any 
localized area. The presence of wide- 
spread fossil sand dune deposits indi- 
cates aridity, and the rare fossils found 
in these are presumed to have had a 
desert habitat. The borders of continen- 
tal glacial deposits would be apt to have 
had a cold climate. This is corroborated 
for our last glacial period by the finding 
of the bones of the walrus in the New 


Jersey sediments of this age. The musk 
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ox, now confined to northern Canada, is 
found in sediments of glacial age as far 
south as Pennsylvania, Oklahoma and 
Utah. Diatom species in the Florida 
peat deposits indicate a much colder 
climate there during glacial times. 

Another example of shifting climatic 
environments is furnished by the rocks 
of the Upper Cretaceous. During that 
time the fig, cinnamon and magnolia 
flourished throughout North America, in- 
cluding southern Greenland. A warm 
temperate climate is thus indicated. It 
was a time when North America was 
divided into an eastern and a western 
portion by a 1,500-mile wide ocean ex- 
tending from the Caribbean to the 
Arctic, thus giving a warmer ocean cli- 
mate to these northern lands. 

Climate affects the chemical content 
of water. There are at present no 
diatoms in the Great Salt Lake, but a 
series of borings into the deposits under- 
lving the lake yielded first brackish and 
then fresh-water species. This indicates 
a great increase in the salinity of the 
lake during recent geological times, and 
a corresponding growing aridity for the 
region. 

The determination of habitat 
and habits of a land animal depends pri- 
marily on its form and structure. Thue 
their bones show that dinosaurs were 
reptiles. Those with sharp teeth and 
clawed digits must have had a carnivor- 
ous diet, those with blunt-crowned teeth 
an herbivorous one. Those with weak 
joints, like Brontosaurus, were probably 
swamp dwellers, a conclusion corrobo- 
rated by the character of the sediment 


enclosing them, as in the Morrison 
formation of the Rocky Mountain 


region. 

.. The paleoecologist makes use of 
all such information he can get in his 
attempt to reconstruct the probable en- 


vironment of the past as recorded in fos- 


180 
siliferous sedimentary rocks. Though he 
deals with a record that is notably. in- 
complete and confused, he may depend 
on a few principles that seem to have 
held through the billion vears that life 
which 


has been on earth. The rock in 


the fossil is enclosed may be held in 


general to represent its environment 
when living—a shale is the mud in which 


the trilobite grubbed for food, a sand- 


stone may very probably record a local- 
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itv near which a river emptied into the 
sea. Fundamental structures of bodily 
form have been the same in each branch 
of living forms, and may be depended 
upon in reconstructing pictures of the 
life of the earth. 


ecology furnishes an impressive evidence 


past In short, paleo- 


of the continuity of the biological and 


veological conditions under whieh ani- 


mals and plants have lived and died for 


many millions of vears. 


Harmonize Your Testing with the Tenets 


of Your Teaching 


ARTHUR J. BAKER 


Crystal La High School, Crystal Lake, Illinois 
As a final examination in high schoo! 

botany, an experiment termed an ‘‘activ 

The 


aim in doing this was an attempt to har- 


ity test’’ has just been completed. 


monize more closely our testing with the 
tenets of our teachine. 

It seems advisable before going further 
to present briefly an outline of the type 
of course being taught. The semester’s 


work is subdivided into four major parts. 


1 Morphology: Time, three weeks 
This seems a necessity for those few 

who intend to do advanced work in biol- 

ogy. 

2 Plant Physiology: Time, three weeks 
Such a unit allows the instructor to 

integrate the parts of a plant with the 


fundamentals of growth and funetion. 
3 Conservation: Time, three weeks 
4+ Applied Botany 

The remaining nine weeks are aimed 
at individual and community problems. 
The 


time on each problem varies from one 


These are selected by the students. 
period to two weeks. The following are 


but a few of the topies considered last 


semester 


(a) caring for the lawn 
(b) starting a new lawn 
(¢) controlling pests 
(d) potting house plants 
(e) transplanting 

f) trimming trees 

caring for berry beds 
(h) starting house plants from = cut- 


tines 


These last nine weeks are intensely prac- 


tical, self-motivating and interesting. 
They leave the instructor with the feel- 
ing of having performed a real service 
But 


Its appli- 


to the student and the community. 
enough of the type of course. 
cation presented another problem, which 
is Our main interest. How should one 
different, if not 
The 


found in the ‘‘activity test.”’ 


test this unique, ap- 


proach to botany? answer Was 
Question number one was completed 


at home. “The student was to construct 


a ‘‘seed flat,’? prepare the soil, seed it, 
vive it proper care, label with the type 
of seed, date of seeding, and present for 
erading and inspection at a specific date. 


The lapse of time from the assignment 


_ 
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to the inspection varied from five days 
to two weeks depending on the speed of 
germination of the particular seeds 
planted. ) 

In this task, attention to organization 
and detail were demonstrated by neat- 
ness, evenness of seeding, promptness, 
and timing of necessary tasks. Initiative 
played a part, for some presented flats 
that were painted while others had neat 
wooden partitions between the differently 
seeded areas. One lad built a sliding 
vlass cover, the adjustment of which al- 
lowed him to leave the flat outside at a 
much lower temperature. 

The students asked questions: ‘* Why 
do my plants bend toward the window ?’’ 

“My tomatoes are up, but the first two 
leaves do not look like the second pair. 
Is something wrong ?”’ 

One period was set aside to discuss 
these questions. The answers became a 
part of the students’ ever-growing store 
of knowledge. This more than ever con- 
vinced the instructor that here was a test 
which truly possessed a learning process. 

The second question required the stu- 
(A dem- 
onstration lecture had been gviven earlier 


dents to pot a plant correctly, 
in the course.) This task was under- 
taken on one of our lab days, which con- 
sisted of two forty-minute periods. Ma- 
terials were in the green house, and, one 
at a time, students entered to pot a 
plant. A limit of two minutes per pupil 
allowed the testing of thirty students in 
the one double period. 

Next the students were required to 
make alkaline and acid tests of soil sam- 
ples. Three different soil testing meth- 
ods had been discussed in ¢lass during 
The tests 


selected were reliable, and the chemicals 


the course of the semester 


used were those which are usually obtain- 
able in a home. One of the three sets 
of materials was placed at the work 


tables before each student. The test was 
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completed and a brief summary written 
under ob- 
servation by the instructor. This test 
fortv-minute 


while the individuals were 


was accomplished in a 
period, 

For the fourth question the writer 
thought it wise to test the unit on mor- 
phology. There are six dvork tables in 
the biology room, and five envelopes were 
prepared for each table. In each en- 
velope was one seed and one leaf. The 
envelopes were handed from one student 
to the other at each table. The student 
merely wrote down whether he thonght 
the seed and the leaf were of the same 
After from a 
erapefruit was given to each examinee, 


He was to describe in writing the char- 


phylum. this, a seed 


acteristics of the leaf veinage, and to 
vive a brief description of the flower 
(The stu- 
dent first ascertained whether the seed 


telling the number of parts. 


Was monocot or dicot: then he deseribed 
the flower and leaf of a ‘plant he had 
never seen by applying his knowledge of 
morphology. ) 
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Saws, 

Stled 
and ond 
derk sol Wall mixed 


pieces of 


bot ovat d 
ole 
of Plent 


A sample ‘‘activity test’’ question, 
which, in the author’s opinion most sue- 
cessfully measured scientific thinking 
was introduced by presenting each stu- 
dent with a quantity of soil approximat- 
ing one pound. Several divergent types 
of soil were used. His task was, in effect, 
a research experiment of a simple nature. 
He was to measure the precentages of 
hydrostatic, hydroscopic, and hydrosatu- 
rated water content in this soil sample. 


His procedure was usually to saturate 


MONDAY TUESDAY 


Question 


No. 1 


Question 


WEDNESDAY 


Question 
No. 2 No. 3 


| Mar. 


the soil, weigh it, air dry the soil, weigh 
it again, and finally weigh the soil after 
heating. This was started in a Friday 
period. After the first step the students 
flattened the soil for fast drying and 
placed it in a warm location until Mon- 
day, at which time the work was com- 
pleted. 

The sixth and final part of this test 
came on the final examination day sched- 
uled for the biology classes. By special 
arrangement, a full half day was allotted 
for this purpose. It was easy then to 
arrange the students of the three classes 
in alphabetical order and to give each 
student a time to appear in class, from 
8 to 12 at three-minute intervals. Sev- 
eral students waited in the classroonrfor 
their turns. Each was given a three- 
minute oral quiz in the green house. A®* 
student monitor called in the next par- 
ticipant and escorted the last one out of 
the classroom. The questions were Ccon- 
cise. About 40 had been prepared, but 
each student received only three. Ex- 
amples are: ‘*When is the best time to 
plant grass seed, and why?’’ ‘*How 
would one control dandelions on his 
lawn?’? ‘*With this paper and peneil, 
sketch the best method of trimming a 
hedge, and tell why it Is best.’’ 

Below is a sample of the last three 


weeks’ activities in a semester. 


THURSDAY FRIDAY 


Usual class procedure on these days 


Question Question 
No. } No. 5 


Check results of No. 1 on these days 


Question Discussion 


No. 


Regular Finals on Wed. and 
Thurs. 


for all other elasses. 


Oral quiz on Thurs. 8 to 12 
for biology 
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Discussion with the students as to fair 
grading standards resulted in a scale for 
each of the six questions. Each question 
counted one-sixth of the final, and the 
final counted as one-fourth of the semes- 


ter erade. 


A sample grading scale for the first 
question is given as a guide; 


20° promptness and dependability (work 
niust be in on a specified day) 

workmanship on flat 

20 preparation of soil with peat moss and 


sand, and the achievement of good drain- 


ingenuity 
3007) results 


1000) total 


The students filled out ecards with these 
percentages written out and tacked them 
to the flats. Completing the grade and 
recording it was an easy task. 

Interest in these examinations was 
tremendous. 


They knew they 


thinking, and they loved it! 


were 
The results 
of their thinking could be measured and 
expressed by an activity, and they loved 
that too! 
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The advantages of the ‘‘activity test”’ 
are listed in brief conclusion. 
1. A major abundance of interest and en- 


The good student 
realized value, while the poor student 


thusiasm was noted. 


had the impression that he was “getting 
out” of a final. 


~ 


2. Here was a test with a true learning 
process for the student. 

3. The student was allowed full expression 
of ingenuity and was given credit for the 
same. 

4. Simplicity and accuracy added to the 
pleasure of the instructor in grading. 
Grading was accomplished during school 
hours. 

The only disadvantage to the test is 
that it consumes longer classroom time. 
In so far as class time should be utilized 
in the ‘‘learning process,’’ this liability 
is immediately cancelled by asset num- 
ber two. 

Should any readers decide to plan such 
an ‘‘activity test,’’? the author would ap- 
preciate an exchange of ideas since he is 
currently organizing a‘similar test for 
zoology. 

Both illustrations are by BARBARA FREY, 
student at Crystal Lake High School 


The Integrated College Course in General 


Biology 


GORDON ALEXANDER 


Department of Biology, University of Colorado, Boulder, Colorado 


No elementary science course now 
taught in college is so lacking in stand- 
It has 
Com- 


parison of the varied textbooks at pres- 


ardization as General Biology. 
absolutely no standard pattern. 


ent available offers convincing evidence 
of this. Even greater differences be- 
tween courses with this title are sug- 
gested by an analysis of the credits 
students transfer from one college to 
another 


An introductory course in college biol- 
ogy may meet two hours each week for 
one term and consist of formal lectures 
Or it may meet six to eight hours 
each week for a year, and inelude labo- 
ratory and field work, as well as formal 


only. 


lectures and informal discussion sessions. 
Obviously, the students introduced to 
biology in courses so diverse in length 
and method of instruction have, at the 
end, reached different levels of under- 
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standing. This fact is significant, cer- 
tainly; but a fact of more fundamental 
significance is that we are dealing with 
a course in which the instructors them- 
selves are not agreed On a pattern of 
content. 

Even if we were agreed on content 
there would naturally be some differ- 
ences in the length of the courses. A 
difference involving an eight-fold varia- 
tion in teaching time is, however, not so 
easily explained. It suggests, definitely, 
that material considered essential by 
many instructors is entirely omitted by 
others. It suggests, too, that some in- 
structors omit a technique of teaching 
which others would cling to at the wacri- 
fice of all other methods, viz.—individual 
laboratory work. The situation is seri- 
ous. Its seriousness, however, does not 
lie in the lack of a standard, as such. It 
lies in the apparent failure of those who 
teach General Biology to share a common 
realization of its implications. 

In spite of the variations in the pat 
tern, college teachers of biology do have 
the responsibility of providing certain 
minimum essentials. These essentials, 
which are basie concepts, are fundamen- 
tal to all courses which bear the name 
‘General Biology.’’ Their presence in 
the pattern is implied by the adjective 
‘‘oeneral,’’ which presupposes an emphia- 
sis on broad principles. If broad prin- 
ciples are forgotten in our anxiety to 
teach details, the course ceases to be 
‘General Biology.’’ It may be valuable, 
it may have a wealth of content, but it 
will sacrifice that peculiar attribute of 
the general course which leads to 
strength in achievement but, at the same 
time, difficulty in execution. The ad- 
jective ‘‘general’’ implies that the sub- 
ject matter has been woven into a pat- 
tern in which the warp consists of broad 
principles, through which. the woof, 
made up of the details, can be threaded. 
This is the pattern of any well-integrated 


course, 
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The woof in the fabric of biology is 
provided by the numberless details of 
the science. Providing these details is 
simple. The danger lies in the over-em- 
phasis on details; it is the old story of 
losing sight of the forest for the trees. 
The problem in the standardization of 
biology is providing the warp for this 
pattern. It is not the woof but the warp 
that must first be set up in the loom. 
The woof may be added leisurely, and its 
elements need not succeed each other in 
fixed manner. Hence, though the warp 
should be fundamentally the same in all 
patterns, the design will vary in a way 
determined by the manner or sequence 
in which the woof is added. The designs 
may be numerous. Many of them may 
be **beautiful’’—that is to say, effective. 
But we must remember that each design 
would fall apart if it were not supported 
by the warp. 

To carry the figure more definitely 
into the realm of general biology teach 
ine let us say that the threads that con- 
stitute the warp of our science are those 
under- 


principles fundamental to an 


standing of living matter in general. 
There are, for example, basic concept 
having to do with morphology: the ex 
istence of cells, the common constituents 
of. nucleus and evtosome, patterns in 
mitosis, the combination of cells tis- 
sues and organs, specialized organs and 
systems of organs. Other concepts are 
physiological: photosynthesis, respira 
tion, digestion, assimilation, response to 
stimuli. Still others are developmental : 
melosis, fertilization, differentiation; or 
venetic: genes, linkage, independent as 
sortment, mutations. Obviously. how 
ever, the student does not form the auto 
atic generalizations we wish him to 
make until a principle is illustrated by 
several organisms. If these principles 
are the warp of the design, the woof 
should be supplied by the study of sev 
eral organisms, both plant and animal. 


Theoretically, of course, all these major 
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principles can be illustrated by the study 
of a single organism, particularly if it 
is a complex animal or plant. On the 
other hand, the use of several different 
orgallisms is necessary to make the prin- 


ciples appear ‘‘general’’ to the student. 
Otherwise they are something handed 
down by book or lecture; they have no 
objective meaning for the student, ex- 
cept as special cases. 

There are other reasons for introdue- 
inv several types to each student. Some 
principles cannot be derived from a 
study of one individual organism but 
only from study of a group of species. 
The principles of taxonomy, in- which 
one recognizes a hierarchy of categories 
of classification, cannot be arrived at 
without at least passing familiarity with 
many different kinds of erganisms. 
Such a study leads to a recognition of 
an evolutionary sequence, and recogni- 
tion of the marks of increasing complex- 
ity in plants and animals. And finally, 
there is one group of prineiples which 
cannot be understood without using 
both plant and animal material—the 
principles derived from ecology : adapta- 
tion, competition, succession, population 
eveles, food, and other inter- and intra- 
specific relations. It might be possible 
to teach these principles exclusively from 
one group of organisms or another but 
much of the effectiveness would be lost. 

The science of biology does indeed 
have certain basic concepts. If these are 
not included, General Biology is not 
being taught. There is no such thing 
as a course in General Biology based 
entirely on man, or based entirely on 
either plant or animal material. Nor is 
it general biology if the plant and ani- 
inal materials are introduced as if unre- 
lated—as in a course in which a semester 
of zoology is followed by a semester of 
botany. Such courses should be named 
just what they are, and not offered as a 
substitute for ‘‘General Biology.’? They 
are wasteful of time, and their very ex- 
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istence presupposes fundamental differ- 
ences between plants and animals. It is 
the similarities between organisms, not 
their differences, which are of major im- 
portance, and one may look in vain for 
differences between plants and animals 
of a magnitude corresponding to their 
similarities. Which is the more signifi- 
cant observation: that plant cells have 
cell walls, and animal cells do not; or 
that both types of cells undergo division 
by a process in which the chromosomes 
are halved both quantitatively and 
qualitatively? Is it more important 
that plants form cellulose, or that both 
plants and animals oxidize sugar by the 
same series of enzyme reactions? The 
latter in each case is clearly a principle 
of greater magnitude and greater sig- 
nificance, but it would not be appreciated 
as a broad concept of life science if 
taught solely on the basis of plant or 
animal material. 

Clearly: those concepts which involve 
interrelations of organisms become mean- 
ingful only when a sufficient number of 
data are available as points of reference. 
One hangs a generalization on a series 
of pegs, not one only. The student does 
not understand classification or the sig- 
nificance of nomenclature until he has 
first-hand familiarity with several simi- 
lar as well as dissimilar organisms. The 
same statement applies to the concept 
of organic evolution. Ecology represents 
a similar case, but its position is badly 
misunderstood by many college teachers 
of biology. Its significance in the intel- 
lectual armament of the general student 
is missed completely by those teachers 
who begin the course with ecology. 
Nothing but a dilute natural history can 
be introduced at that stage, whereas ecol- 
ogy should be based on an overall pie- 
ture in which structural and functional 
adaptations are considered as well as all 
forms of social interaction. tax- 
onomy, evolution, and ecology the gen- 
eral concepts involve an understanding 
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of inter-relations of different organisms. 

What I have said may appear dog- 
matic, but it was not my intention that 
However, we must 
That, of 
course, still permits great leeway. It 


it should appear so. 
emphasize fundamentals. 
would be a mistake to insist upon com- 
pletely identical patterns in the teaching 
of general biology. With the enormous 
wealth of illustrative material, forced 
standardization would kill the initiative 
that can be and is so valuable in biology 


teaching. But let us be sure that any 


course which bears the name ‘‘ General 
lives up to the minimum re- 
If the 


course is a short lecture course let it 


Biology ’’ 


quirements implied in that name. 


have a distinctive and different name, 
‘*Tntroduction to Biology,’’ for example. 
The name ‘‘General Biology’’ should be 
reserved for courses which adequately 
introduce all fundamental principles of 
biology. These principles should be 
illustrated by both plant and animal 
material which can be a part of the stu- 
dent’s own experience (presented prefer- 
laboratory 


ably through individual 


work). The name ‘‘General Biology’ 
will then have some definite significance. 

To return to the figure of speech with 
which I began: While complete stand- 
ardization of the college course in Gen- 
eral Biology is not attainable, or desir- 
able, the pattern on which it is built 
should be held together, in every case, 
by the same series of basic concepts. 
Every student who completes the course 
should carry away these concepts, re- 
gardless of the kinds of plants and 
animals used to demonstrate them. This 
is the warp, the part of our pattern that 
must be standardized. The woof intro- 


duces legitimate variations. No one 
should quarrel over the nature of this 
material or the order in which it is intro- 
duced if it is both representative and 


adequate. We must insist only that the 
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threads of the woof be elaborate enough 
in number and variety to produce, with 
our standardized warp, a ‘‘pleasine’’ 
pattern,—that is, a pattern that will be 
effective in instruction. 


NEW KODACHROMES 


The January 1947 issue of Turtor News 
announces an extensive collection of original 
kodachrome slides of living reptiles and am 
phibians, recently acquired from Mr. Arthur 
L. Smith of Photographie Science Service, 
Cornell University. The collection repre- 
sents the work of many years and it 1s be- 
lieved that the slides ineluded in it are the 
largest group of such kodachromes in exis 
tence. These slides are of professional qual- 
itv, with coloring, posing and general treat 
ment far above average. 

The collection, whieh includes more than 
five hundred slides, is about equally divided 
between amphibians and reptiles. The rep 
tiles include a great many of the snakes, 
lizards and turtles of North America. The 
amphibians include both frogs and salaman 
ders, and there are some very interesting 
views of developing eggs and larval stages, 
as well as of the adult animals. 

Most of these kodachrome photographs are 
accompanied by complete data, providing in 
formation on the collection, locality and 
date on which the specimen Was secured. 

The General Biological Supply House, Ine., 
761-763 East 69th Place, Chicago 37, Iliinos, 
has prepared a special catalog which will be 
mailed upon request. Ask for a copy ot 
Amphibian and Re ptile Kodauchromes. 


VISUAL Suffern, New York, 
offers a 35mm Slidefilm which will solve one 
of the most perplexing problems of Health 
This collection of 50 
hand drawn frames presents an orderly ap 


SCIENCES, 


and Biology teaching. 


proach to the methods used in the laboratory 
study of mierobiology as well as the methods 
used by the bacteriologist in his fight to con 
trol disease. Because laboratory work in th 
iield is difficult to organize and dangerous to 
vdminister, many science teachers are forced 
to omit it entirely in spite of its intense in 
terest and value. This film is the next best 
thing to actual laboratory work with patho 
genie organisms, 

After a preliminary discussion of the his 
torical background of microbiology, it estab 
lishes the position of microbiology in the 
whole scheme of the biological scienees. This 
is followed by a elear description of : 


Preparation of sterile media 
Isolating a single bacterium 
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Growing organisms in quantity 

Methods of counting bacteria 

Utilization of growth characteristics in the 
identification of microorganisms 

Special staining procedures 

Microscopie examination 

Bacteriostatic poteney of penicillin 


The price of the 50-frame Slidefilm is $2.50. 
For further information, address Visual Sei- 
ences, 264 C, Suffern, New York. 


Tue EpvucationaL Fitm Lisprary Assoct- 
aTioN will hold its annual conference on May 
1-2, 1947, at Columbus, Ohio, concurrently 
with the 17th Annual Institute for Education 
by Radio meeting on May 2-5. EFLA’s 
conference program will include sessions on 
distribution, use, production and evaluation of 
educational films and other audio-visual ma- 
terials. The program will be of particular in- 
terest to representatives of public schools, 
colleges, public libraries and museums, state 
and federal agencies, manufacturers and pro- 
ducers interested in audio-visual edueation. 
One or more joint sessions will be devoted to 
to the role of film and radio in increasing the 
flow of knowledge and ideas hetween and 
among nations. A trade show will include 
demonstrations of all types of audio-visual 
and radio equipment and materials. Details 
of the program will be announced at a later 
date. 

L. C. LARson 
Indiana University 
Chairman, Conference 


BIRD STUDY FILMS 

As a direct result of the widespread and 
successful use of films in wartime training 
and especially in science studies, many new 
subjects are now becoming available to 
colleges, nature lovers, wildlife 
groups, hunting and garden clubs. 

The filmstrip, along with movies, used sue- 
cessfully for vears in schools and colleges for 
up the learning among 
young and old, is easily projected on sereen 
or wall in the elassroom, home or club room, 
providing material for a visualized diseus- 


Committee 


schools, 


speeding process 


As most people in school work know, 
the paper shortage is becoming more 
rather than less critical, especially for 
coated and other types of paper. Our 
printer has been unable to replenish his 
supply of the green paper used for our 
covers; hence the white used for this 
month. We do not know when we shall 
be able to return to the green covers but 
will do so as soon as possible. 


Films 
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sion of any science topic in well organized 
form. 

One Jam Handy series, for instance, deals 
with birds under a general series title, New 
Science Adventures comprising six filmstrips, 
a total of 429 lighted pictures. A brief let- 
tered explanation appears with each picture. 

While these films are designed for school 
use, they lend themselves to objective study 
and discussion by all those who have an in- 
terest in wildlife, particularly in our Ameri- 
can birds. A simple outline will give an idea 
of the range of information in visualized form 
in this series : 


1. The Structure of Birds 
This film reduces the anatomy of birds to 
simple, easily understood words and pictures. 


Illustrates how ever part of the bird’s body 
is adapted for flight. 


MARINE BIOLOGICAL LABORATORY 
Complete stock of living and preserved materials for 
Zoology, Botany and Embryology, including Pro- 
= cultures, Drosophila cultures and Microscope 
slides. 

Catalogues on request 
Address Supply Department 
Marine Biological Laboratory 
Woods Hole, Mass. 


The Fernglen Workshop of 
_ Biology and Nature Study 


In the Monadnock Region of 
Southern New Hampshire 


An Outdoor Laboratory for teach- 
ers, graduate students, garden club 
members and any others interested 
in the Conservation of our Natural 


Resources. 
@ 


Three two-week sessions from 
June 28 to August 8, 1947. 


For further details write to 


Professor Mabel E. Turner 


State Teachers College, 
Lowell, Mass. 


After June Ist Address P.O. Box 230, 
Antrim, N. H. 
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2. Adaptations of Birds 


Avoiding complex and often conflicting sei- 
entific explanations, this film graphically il- 
lustrates the marvelous range and dergee ot 
adaptations among birds. Many common and 
readily observed adaptations are shown, thus , 
inspiring an interest and desire for field r ‘ Orioles weave 

oy. hanging nests 


observations. fh 
of horsehair, 


3. Birds’ Nests and milkweed 
ad fibers. 


Birds’ nests offer many opportunities for 
personal observations. This film inspires and 


directs interest by showing the history of 
nests, locations, types and methods of dis- 
covery. 


4. The Migration of Birds 


This film reveals the mystery of bird mi- 
gration in a direet and interesting manner, 
Che substance of many treaties by leading 
authorities has been reduced and organized 

into a single film, graphically illustrated for 
easy understanding. The film covers early 


Put out nesting materials and watch where the birds . 
carry the pieces. Using brightly colored materials may superstitions, past and present methods of 
help you spot the nests later on. tracing migrations, notable examples of mi 


gration and also the foremost theories on why 


\ 


A Message to Biology Teachers 


[t is generally conceded that it is practically essential in present-day 
teaching to keep posted on the current literature in any particular field. 
Yet no busy teacher possibly could read all of the important papers in the 
original even if the many journals published throughout the world were 
available. It was for this reason that a greup of prominent biologists organ- 
ized Biological Abstracts back in 1926. Now this cooperative undertaking 
is abstracting and indexing annually moré than 25,000 significant contribu- 
tions to the biological sciences. : 


For biology teachers who really are interested in their chosen field, this 
service is invaluable because text books quickly become outdated and it 
affords the only means by which they can keep up to date on the many 
advances that research brings to light. 


As well as the complete edition, covering all fields of biology, Biological 
Abstracts also is published in eight low-priced sectional editions which are 
specially designed for individuals who are interested only in one or more 
closely related fields. 

Write for full information. 


BIOLOGICAL ABSTRACTS 


University of Pennsylvania 
Philadelphia 4, Pa. 
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hirds migrate. In addition to its main fune- 
tion as a tool for teaching bird migrations, 
the film also presents the seientific method of 
acquiring knowledge in sharp contrast to 
guesswork and legend. 


5. How Birds Serve Man 


This film portrays, appealingly yet logi- 
cally, the economie importance of our birds. 
Historical examples of birds’ services to man- 
kind inspire interest. Statisties on the dollar- 
and-cents value of beneficial birds are simply 
and vividly illustrated. Erroneous impres- 
sions of many so-called harmful birds are 
exposed. 


6. Helping the Birds 


Following up film No, 5, this demonstrates 
the why and how of helping the birds. 
Changing conditions which have adversely 
affeeted our bird population are pointed out, 
and the steps necessary to correct these con- 
ditions shown. There is much material 
for club activities, ineluding section on 
bird The material shown and the 
method of organization also points out the 
need for conserving all of our natural re- 
sources, 

In planning and produeing this series of 
science films, the most praetieal visual tech- 
ing techniques have been kept in mind so that 
the most interesting “adventures in science” 
result, whether the audience of a 
small group or a full auditorium. 

The editors have made the series more than 
just a group of bird photographs; it has 
been built into a refined time-saver (for the 
teacher), a scientifically organized presenta- 
tion of information for elub, home study or 
nature study group. To get the most out of 
nature study filmstrips of this kind, they 
may be tied in with field trips, experiments 
and with other visual study materials, as well 
as textbooks and related lectures forum 
discussions of the material presented on the 
illuminated sereen. 

The material of each film is organized into 
several lessons with questions in the context 
to establish an attitude of inquiry, and a 
series of Guestions at the close of the lesson 
to as a guide for group discussion. 
Each lesson may be shown in the average 
ind still leave time for discussion 
ictivities. 

LYNE METCALFE, 
Special Writer for Magazines, 
51 East 42nd Street, 
New York 17, New York 
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BIOLOGY 


FOR 
BETTER LIVING 


by Bayles and Burnett 


offers 
functioning biology 


Important life problems can be 
solved through biology learned 
in high school—if any of the 
subject matter can be remem- 
bered when the problems actu- 
ally arise. 


However, in using BIOLOGY 
FOR BETTER LIVING, stu- 
dents solve significant problems 
now—right in the biology class- 
room. 


In solving these significant 
problems now, students using 


BIOLOGY FOR BETTER 
LIVING bring to bear the 
soundest of biological subject 
matter. This subject matter 
includes all topics called for by 
standard courses of study. 


1946 Edition 
SILVER BURDETT COMPANY 


reas 


709 Mission Street 

SAN FRANCISCO 3 

707 Browder Street 
DALLAS 1 


45 East 17th Street 
NEW YORK 3 
221 East 20th Street 
CHICAGO 16 
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SCIENCE LODGE 
UNIVERSITY OF COLORADO 
SUMMER—1947 


The Department of Biology, University of 
Colorado, will offer field courses during the 
summer of 1947 at its mountain laboratory, 
Science Lodge. Courses in plant ecology, 
animal ecology, ecological research, and orni 
thology will be available for advanced under 
graduate and graduate students of biology. 
There will be two five-week terms, June 16 
to July 18, and July 21 to August 22, with 


registration for either or both. 


Science Lodge is twenty-six miles west of 
Boulder, in montane forest at about 9,600 
feet above sea-level. A range of altitude 
from 5,000 feet to over 12,000 feet is covered 


on field trips, 


Address inquiries regarding admission, 


accommodations, and courses to: 


GORDON ALEXANDER, 
Head, Department of Biology 
University of Colorado, 
Boulder, Colorado 


Lippincott Biology Texts.. 
BIOLOGY FOR YOU 


Vance—Miller 


A new basal hieh school biology 
textbook with a thoroughly fune- 
tional approach. Lavishly  illus- 


trated. 


BIOLOGY ACTIVITIES 
Vance—Barker—Miller 


A 1946 edition of BIOLOGY 
WORKBOOK with up-to-date ref- 
erences to BIOLOGY FOR YOU, 


and all leading biology textbooks. 


Eramination s furnished 


upon request 


J. B. LIPPINCOTT COMPANY 
Chicago Philadelphia New York 


To Our Members: 


A large part of the success of The American Biology Teacher is due 


to the generous support that our advertisers have given us. 


We owe it to ourselves, as educators, to become more familiar with 


the abundance of excellent teaching aids and devices that these concerns 


produce. 


A post card to any of our advertisers will bring vou catalogues or 


circulars listing many products of real pedagogical interest and value. 


If you know of any firm that would benefit by advertising in our journal, 


notify Managing Editor ©. D. Roberts. 


Please mention [THE AMERICAN BIOLOGY TEACHER when answering advertisements 
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